Expression, up-regulation, and transport activity of the multidrug-resistance protein Abcg2 at the mouse blood-brain barrier.
The breast cancer resistance protein (BCRP/ABCG2) is, like P-glycoprotein (P-gp), a member of the ABC family of drug transporters. These proteins actively transport various anticancer drugs from cells, causing multidrug resistance. The physiological expression of P-gp/ABCB1 at the blood-brain barrier (BBB) effectively restricts the brain uptake of many antitumor drugs by mediating their active efflux from the brain to the blood vessel lumen. However, little is known about the function of Abcg2 at the BBB in vivo. We used in situ brain perfusion to measure the uptake of two known Abcg2 substrates, prazosin and mitoxantrone, and the nonsubstrate vinblastine by the brains of wild-type and P-gp-deficient mutant mdr1a(-/-) mice with or without the P-gp/Abcg2 inhibitor GF120918 or the P-gp inhibitor PSC833. P-gp had no effect on the brain transport of prazosin and mitoxantrone at the mouse BBB, but wild-type and P-gp-deficient mouse brains perfused with GF120918 or a high concentration of prazosin showed carrier-mediated effluxes of prazosin and mitoxantrone from the brain that did not involve P-gp. In contrast, the brain uptake of vinblastine was restricted only by P-gp and not by Abcg2 at the BBB. The amounts of abcg2 mRNA in cortex homogenates and capillary-enriched fractions of wild-type and mdr1a(-/-) mouse brains were measured by real-time quantitative reverse transcription-PCR. There was approximately 700-times more abcg2 mRNA in brain microvessels than in the cortex of the wild-type mice, confirming that Abcg2 plays an important role at the BBB. There was also approximately 3 times more abcg2 mRNA in the microvessels from P-gp-deficient mutant mouse brains than in the microvessels of wild-type mouse brains. These findings confirm that Abcg2 is a physiological transporter at the BBB that restricts the permeability of the brain to its substrates in vivo. Lastly, the defective P-gp in the mutant mdr1a(-/-) mice was associated with increased abcg2 mRNA at the BBB and a greater export of prazosin and mitoxantrone from the brain, as measured in the P-gp-deficient mice versus the wild-type mice.